Abstract. Student Engagement has been a strong topic of research for the avoidance of student drop out and the increase in grading. Serious games have highlighted benefits in engaging students, primarily through edutainment, educating via games. This article suggests a Computer Algorithm, purposed at measuring and encouraging student engagement. In addition, the algorithm accounts for sensor networks accessed both directly and through the Internet, extending its application to the Internet of Things (IoT).
Introduction
Student Engagement is a multifaceted theory that constitutes of three factors; behavioural, emotional and cognitive engagement, as described in the research review conducted by J Fredricks et al. [1] . Student engagement is usually measured through surveys based on self and/or academic self-reflection [2] [3] [4] [5] [6] . This paper proposes a computer algorithm that measures student engagement based on class attendance and punctuality in addition to self-perception. The calculated sum serves as data points that can be utilised in games, gamification, serious games and smart serious games.
Serious games are computer games built for non-entertainment domains, and have a presence in industries including health, advertisement, training, education, science, research, and others [7] . By harnessing the power of entertainment that gaming provides, serious games and gamification have provided a number of research and industrial solutions [8] [9] [10] [11] . Serious Games have displayed an increase of student engagement in previous literature [12] [13] [14] .
Furthermore, this paper introduces the Internet of Things (IoT) as a utility of measuring real world environmental effects on student engagement. IoT was firstly introduced by Kevin Aston [15] in 1999, aiming to identify unique objects and their virtual representations in an internet-like structure. IoT enables the connectivity of anything from any time to any place. Nowadays, researchers have expanded IoT with more technologies including sensors, network, data analysis, and various applications. Its applications include diverse and wide fields such as industries [16] , environments [17] , cities [18] , transportation [19] and healthcare [20] . IoT consists of interconnected devices or Things that operate in Smart Environments and communicate data with virtual identification and/or personalities [21] . In addition, IoT accounts for an ecosystem, which is comprised of middle-ware [22] , users and interconnected devices.
This paper outlines as follows; Section 2 details current research on Serious Games and the Internet of Things, in respect to the future of this research. Section 3 discusses the new terminology of Smart Serious Game, a genre of serious games that directly relates to this project. Section 4 explains the process of quantifying student engagement based on their actions in the physical world, and proposes a computer algorithm that measures, and potentially improves engagement through a game. Section 4 also presents the methodology for uncovering the proposed algorithm. Section 5 states the continuation of this research by validating the algorithm on students. Finally, the paper concludes and considers this research's limitations.
Student Engagement and Serious Games
Engagement is understood to be the involvement of people in an activity rather than the intensity of interaction [2] . Engaged students select tasks and learning objectives at the border of their comprehension and adopt a positive and optimistic approach to learning [5] . E. Skinner and M. Belmont outlined a psychological model, which drew a correlation between the competencies of students and their levels of engagement [5] .
The student engagement theory is utilised for analysing dropouts in schools [2, 23] . Research by J. Appleton et.al. outlines four subtypes of engagement: Academic, behavioural, cognitive and psychological [2] . Behaviour manipulation can be intrinsically or extrinsically triggered [1, 24] . Intrinsic engagement stems from the engagement of following an instruction for the activity itself whereas extrinsic engagement relates to the desire to achieve goals and objectives related to an activity. A review conducted by J Fredricks et al., categorised student engagement into three elements: behavioural, emotional and cognitive [1] . Behavioural engagement relates to positive in-class conduct, involvement in learning relating (effort, concentration, contribution to class) and participation in activities (competitions, membership). Emotional engagement describes the feelings of students such as interest, anxiety, boredom and others. Finally, cognitive engagement focuses on the desire to complete extra curriculum activities and tasks, and the demonstration of strategic and methodical approaches to learning. M Handlesman et al., created a questionnaire in an attempt to measure course engagement based on a four-factor dimension. The four factors comprised of skills, emotion, participation and interest, and performance. After performing validation tests against student grades they discovered correlations between engagement factors and grades, however due to the sample size acquired, their research could only provide an indication towards the questionnaire's effectiveness [4] .
All included research into student engagement provide the psychological measures needed to monitor and evaluate engagement. All research recognises the existence of behavioural, emotional and cognitive engagement. Therefore, the algorithm and game will include these aspects of student engagement their measurements. Scientific research has proven games are engaging and immersive. In detail, research by R.Garris et.al, focuses on the instructional games and their engagement to learners to accomplish better learning outcomes [12] . Their suggested Input-Process-Output Game Model details an iterative Game Cycle that comprises of User Judgement, User Behaviour and System Feedback and encourages interacting with a game. This game cycle remains true in Smart Serious Games for student engagement.
The key difference lies in the mechanisms used to implement such an iterative cycle. User Behaviour and Judgement can now be monitored and inputted into the game through the use of network distributed sensors rather than direct input. Additionally, predictive algorithms and machine learning add another layer of information that can aid in understanding engagement from external factors, like never before.
Research into the gamification of learning experiences by A. Domnguez et al presented a solution focused on cognitive, social and emotional engagement, in an attempt to improve learning outcomes [13] . Their research provided an indication of emotional and social engagement on students; however, they noted no significant improvement on learning outcome.
Research by V. Guilln-Nieto et al., acknowledged that serious games can generate engagement and stimulation in educational environments, but focused on the effectiveness of serious games for learning [14] . Their empirical findings indicated that serious games are effective as learning tools providing that the developed solution include classroom procedures and clearly outlined learning objectives as well as game cycle and game dimensions. The structure of the serious game V. Guilln-Nieto et al., developed provides a useful insight into game elements that must be included in effective serious games for educational settings.
The core difference between the aforementioned research and this project lies in the methods of data collection and data analysis. The Student Engagement Instrument [2] , and others, obtain data through questionnaires, either during classroom time, or at random intervals. This project embeds attendance as a measure, achieved through a hybrid sensor network [25] , and utilises IoT to predict and inform.
The combination of IoT and Serious Games has recently been termed as Smart Serious Games (SSGs) [26] . SSGs are the merger of smart technologies, including devices and services, and the principles of Serious Games [26] . Sharma et al, detail the combination of the advantages of both technologies and its future utilisations including analytics for corporations, a tool for solving serious problems and others.
IoT serves a pivotal role in developing predictive and reactive algorithms that measure engagement through games. The combination of a sensor network with real world data will allow correlations to be drawn. These data association allow for personalised prompting based on behaviour pattern. In detail, if a student tends to be absent on a rainy day, a personalised prompt can be created for the next time it rains to highlight that fact to the student. Prompting aside, the manipulation of data points and bonus scores can transverse the immersion of gaming into student engagement.
Quantifying Student Engagement
In the previous section, we highlighted research relating to serious games and student engagement, and identified they commonly measure engagement through qualitative feedback acquired from questionnaires. By introducing IoT, it is possible to quantify elements of student engagement, particularly behavioural. By monitoring class attendance and punctuality we receive quantitative data related to each student's engagement. Monitoring attendance and punctuality is not a new measure for student engagement, however obtaining the data through a wireless sensor network generates accurate data that has been captured in a less invasive manner. Traditional attendance monitoring systems involve pen and paper, which is susceptible to student forgery. Recent systems include RadioFrequency Identification (RFID) cards and receivers, however this is still more invasive than IoT solutions, and can disrupt class flow. Figure 1 presents the engagement model we utilise for monitoring student engagement. Student attendance and punctuality is tracked through a wireless sensor network. Based on the time of their presence, game points are allocated for attendance and punctuality. A breakdown of the point allocation can be seen in Appendix A. Game points are also allocated through a questionnaire that is embedded into the game. The scoring system for the questionnaire follows the principles set by aforementioned research projects that utilise the same means for obtaining a measure of student engagement. In detail, a rating of 1 -4 is given to questions that monitor distribution, effort, contribution, concentration, interest, boredom, anxiety, happiness, desire, and strategy.
The game points accumulated from sensor networks and questionnaires will allow for an aggregate scoring to be produced that can indicate a student's level of engagement. Further detail on this is provided in Section 4.
Measuring Student Engagement
This section presents the equation for calculating student engagement and the methodology behind it. The measure of student engagement will be visualised in game as a score, where a high value equates to high engagement levels.
We calculate the value by accounting for class attendance, punctuality, and the views of academics and students, gathered by game embedded questionnaires. Physical activities (attendance and punctuality), provide a static score each time Fig. 1 . An illustration of the model used for quantifying student engagement they are completed. Students that complete a streak of game objectives will receive further rewards. For example, a student that attends all classes in a week will receive a bonus reward that directly increases the engagement score. In detail, a set game objective requires players to attend a class, this awards five points. Attending all classes in a week is a separate game objective that rewards an additional ten points if met. This method of scoring provides a points balance between those who are engaged and those who are disengaged. It is pivotal that the encouragement received in gameplay does not outscore an engaged student's score, as it can hinder the purpose of the game. Section 4.1 provides further detail on data points and the methodology used.
The equation above calculates En, which represents the total engagement score achieved and forms the core measurement of achievement in game. Ca and Cp are the weekly total of game points amounted by class attendance and punctuality, respectively. Wt symbolises the questionnaire weekly scores, calculated using equation 2. In detail student engagement En is formed by averaging the sum of data points achieved and the weekly total Wt score divided by the number of timetabled days for students. We divide by 2 as Ca and Cp require student presence for positive scoring, and is therefore considered as one factor of student engagement.
Wt is calculated by averaging the total class score (Cs) from student and academic, and summing up the value of average class scores obtained through a timetabled week. Using attendance as a quantifiable measure of engagement is supported by J Frederick et al, as they deem behavioural engagement to be a crucial factor in preventing student drop-out and achieving positive academic results [1] . Referring to Figure 1 , the algorithm ensures all three elements of student engagement are accounted for. Behavioural engagement will be quantified through presence and punctuality. A non-intrusive attendance system obtains these measurements [25] . Emotional and cognitive engagement measure through qualitative responses. Quantifying these elements would require intrusive technology, such as head scanners. It is possible that IoT can provide an indicator of cognitive engagement. If a student chooses to attend class with severe weather conditions, high traffic congestion, or out of scheduled time, their cognitive engagement is assumed. We will conduct further research to investigate any possible correlation.
Engagement Simulation
We undertook a form of data simulation to identify the range of scores between engagement levels, and to determine the best equation for aggregating the total of data points. All data simulation was performed utilising spreadsheet software. To begin with, data obtained from the Web regarding traffic, weather and sunlight duration was exported into the spreadsheet. A timetable copy for a live module at Liverpool John Moores University was utilised, providing the amount of classes in a week and their respective details. At this stage three personae were developed.
Each persona represented a point in the spectrum of student engagement, therefore producing disengaged, engaged and neutral personae. We performed simulations over two hypothetical weeks. The first week utilised assumptions based on each persona. Disengaged achieves around 20% of weekly maximum Ca+Cp and scores low on Wt, neutral obtains 88% of Ca+Cp with medium Wt score, whereas engaged is allocated with top scores.
These assumptions tested resiliently the scoring system and the equation for a balance in scores. By manipulating the points of reward through multiple iterations of calculation with the equation, a fairer score was produced and data anomalies were solved, ultimately changing the equation itself. Utilising spreadsheet software for the production of data algorithms therefore proved extremely useful as simulated data ensures a strong data algorithm is used before an application is built, reducing development time.
Simulating based on persona assumptions provided the foundation to game fairer rewards, however when taking this equation and points system to real students, further anomalies could occur. In an attempt to test this, prior to development of the game, we randomised all scores for the second week utilising embedded functionality provided by the spreadsheet software. For the second randomised week, the engaged and disengaged personae produced disengaged scores whereas neutral remained within a neutral range of score. This occurred as the attendance allocated to them by picking a random number (between 0 and 10) directly affected their respective engagement scores. An illustration of the results is located in Appendix A, where an engaged factor is symbolised with white, neutral with grey and disengaged with black.
As aforementioned, we are utilising attendance to quantify engagement, therefore the results produced indicated no preliminary issues. By utilising spread-sheet software and mathematical equations it is therefore possible to detect data anomalies before the development cycle begins, aiding in reducing it.
Research Challenges and Future Works
At this stage, the algorithm has been validated using data simulations of occurring and random nature. This can categorise the study as preliminary. It is important to note the focus of this paper, to propose a new algorithm for quantifying student engagement, and to document the methodology of validating a computer algorithm through data simulations, performed in spreadsheet software.
Developing the serious game and embedding the suggested algorithm ensues, allowing us to validate it with real students. We will also attempt to draw meaningful correlations between real world data and student engagement through IoT. This will provide a unique perspective on student engagement and may alter the equation's format in future, pending results from experimentation.
Post experimentation, findings will be disseminated to update on the progress of this research project. A possible fall back with our future works, students may choose to disengage with the game completely, skewering results. In this instance, participants will be questioned regarding their reasons for withdrawing.
Conclusion
Concluding, this paper introduces a computer algorithm for quantifying measuring student engagement based on an aggregate of their attendance, punctuality and subjective feedback. This data algorithm caters for Serious Games, gamification and edutainment as it utilises game points to portray results. By including IoT we acquire behavioural engagement data that we correlate against real world events. The results of this correlation aim to encourage and alert students to facts regarding their engagement. We also presented the use of data simulation for validating the data algorithm, using personae, and spreadsheet software. As aforementioned, the study is preliminary, with data from experimentation with real students needed, to validate the algorithm's effectiveness. This will be carried out as part of this research project and the findings will be disseminated accordingly.
